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(54) Heat-shrinkable polyester films 

(57) IHeat-shrinkable polyester films which exhibit a 
total light transmittance of 80% to 90% and a haze of 
15% to 60%, both In a thickness of 60 \m and further 
exhibit a 45-degrees specular gloss of 70% or lower, so 
that they have frosted glass appearances without being 
printed or processed. Heat-shrinkable polyester films 
which exhibit a light transmittance of 0% to 20% at a 



wavelength of 380 nm and of 0% to 60% at a wavelength 
of 400 nm and further exhibit a haze of 16% or lower, so 
that they can prevent the contents of a vessel fitted 
therewith from being deteriorated by ultraviolet light and 
they have good shrinkage finish and particularly cause 
only rare occurrence of wrinkles, shrinkage spots, or 
other defects. These films are suitable for labels, parilc- 
uiariy for labels of great product value. 
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Description 

FILED OF INVENTION 

5 [0001] The present inv ntlon relates to heat-shrinkable poly ster films and more particularly to heat-shrinkabie pol- 
yester films which have frosted glass like appearances without being printed or processed and to heat-shrinkable 
polyester films which can prevent the contents of a vessel fitted therewith from being deteriorated by ultraviolet light 
and have good shrinkage finish and particularly cause only rare occurrence of wrinkles, shrinkage spots, or other 
defects. These films are suitable for labels, particularly for labels of great product value. 

10 

BACKGROUND OF THE INVENTION 

[0002] Frosted glass bottles have been mainly used as sake bottles for gifts, but their use has been unavoidably 
reduced in the recent movement toward the recycling of bottles. Frosted glass bottles have been therefore replaced 

^5 by transparent glass bottles fitted with labels made of heat-shrinkable films. For these labels, heat-shrinkable films 
made of thennoplastic resins such as polyvinyl chloride and polystyrene have been mainly used; In recent years, 
however, serious problems have been indicated that, for example, chlorine-containing gases will be evolved in the 
incineration of polyvinyl chloride for disposal and printing is difficult on polystyrene. Therefore, heat-shrinkable polyester 
films have attracted considerable attention. The conventional heat-shrinkable polyester films have been finished to 

20 have frosted glass like appearances by printing or processing, which are, however, unfavorable to industrial use be- 
cause of their high cost and long delivery time. 

[0003] For heat-shrinkable films used as labels, particularly on the ban-el of bottles, those films made of thermoplastic 
resins such as polyvinyl chloride and polystyrene have been mainly used; however, as described above, serious prob- 
lems have been indicated that, for example, chlorine-containing gases will be evolved in the Incineration of polyvinyl 
^5 chloride for disposal and printing is difficult on polystyrene. Further, in the recycling of PET bottles, labels made of 
thermoplastic res'ms other than PET should be separated from the PET bottles. Therefore, heat-shrinkable polyester 
films have also attracted considerable attention as those which can solve such problem. 

[0004] In recent years, the case has been Increasing where heat-shrinkable labels are used for the purpose of pro- 
tecting the content of a vessel fitted therewith from being deteriorated by ultraviolet light. The ultraviolet light cut type 

30 heat-shrinkable films made of polyvinyl chloride have been used so far; however, for the above reason, there has been 
a great demand for ultraviolet light cut type heat-shrinkable films made of other materials. The specific cut properties 
may vary depending upon the contents of a vessel fitted with these films. In the case of food or beverage, cut properties 
in the long wavelengtii region, particularly at 380 nm and at 400 nm, are important because the contents will cause a 
change In quality or will become colored by ultraviolet light in the long wavelength region, i.e., at wavelengths of 360 

35 to 400 nm. 

[0005] The conventional heat-shrinkable polyester films, however, have no ultraviolet light cut properties in the above 
long wavelength region. 

SUr^/IMARY OF THE INVENTION 

40 

[0006] Under these circumstances, the present inventors have intensively studied to solve the above-described prob- 
lems in the prior art and to develop heat-shrinkable polyester films having frosted glass like appearances and heat- 
shrinkable polyester films having ultraviolet light cut properties In the long wavelength region. As a result, they have 
found that this purpose can be attained by the control of total light transmittance, haze and 45-degrees specular gloss, 
45 and by the control of light transmittance at specific wavelengths and haze, respectively, thereby completing the present 
Invention. 

[0007] Thus the present invention provides a heat-shrinkable polyester film, which exhibits a total light transmittance 
of 80% to 90% and a haze of 15% to 60%, both in a thickness of 50 ^m, and further exhibits a 45'degrees specular 
gloss of 70% or lower (also referred to hereinafter as the first heat-shrinkable polyester film(s) of the present invention). 
50 [0008] The present invention further provides a heat-shrinkable polyester film, which exhibits a light transmittance 
of 0% to 20% at a wavelength of 380 nm and of 0% to 60% at a wavelength of 400 nm, and further exhibits a haze of 
15% or lower (also refenred to hereinafter as the second heat-shrinkable polyester film(s) of the present invention). 

DETAILED DESCRIPTION OF THE INVENTION 

55 

[0009] The following will describe the first heat-shrinkable polyester films of the present invention, which have frosted 
glass like appearances without being printed or processed. 

[001 0] The first heat-shrinkabi polyester films of the pr sent invention may preferably be prepared from polyester 
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compositions containing poly sters, which ar composed of dicarboxylic acid components and diol components, and 

polyest relastom rs. . ^ , 

[0011] For the dicarboxylic acid components in the polyesters, conventional dicarboxylic acids can be used alone or 
in combination, including aromatic dicarboxylic acids such as ter phthalic acid, isophthalic acid and naphthalenedi- 
5 carboxylic acid; aliphatic dicarboxylic acids such as adipic acid, s bade acid and decanedicarboxylic acid; and alicyclic 
dicarboxylic acids. Forthe did components in the polyesters, conventional diols can be used alone or In combination, 
including ethylene glycol, propylene glycol, triethylene glycol, butylene glycol, diethylene glycol, neopentyl glycol, 
1 ,4-cyIcohexanedimethanol, and ethylene oxide adducts of tetramethylene glycol. 

[0012] The polyester elastomers used in the present invention refer to polyester block copolymers composed of high 
10 melting point crystalline polyester segments (hard segments) and low melting point soft polymer segments (soft seg- 
ments) having molecular weights of 400 or higher. Polyester elastomers containing polylactones {e.g., poly-e-caprol- 
actone) as the soft segments are particularly prefen^ed. 

[0013] The polyester compositions as the base material may further contain, if necessary, additives such as stabi- 
lizers, colorants, antioxidants and antistatic agents. 

15 [001 4] The present inventors have found that frosted glass like appearances can be rendered to films by the f onmation 
of undulation or large projections on their surface. More particularly, the gloss of films can be removed by the f omnation 
of projections on their surface, which are In size equal to or larger than a certain constant value depending upon the 
kind of lubricating fine particles. For example, the gloss of films can be controlled by adjusting the size of projections 
on their surface with lubricating fine particles made of an inorganic or organic compound, having an average particle 

20 diameter of 2 to 1 5 jim. in an amount of 0.1 to 10 wt%, preferably 0.5 to 5 wt%. 

[001 5] The present Inventors have also found that the transparency of films can be obtained by optimizing the size 
and shape of lubricating fine particles. More particularly, lubricating fine particles larger in average particle diameter 
have a tendency to make a further improvement in the transparency of films containing the same amount of lubricating 
fine particles, although the reason for such tendency is not clear. 

25 [0016] The lubricating fine particles used for rendering frosted glass like appearances may include conventional inert 
foreign particles such as those made of kaolin, clay, calcium carbonate, silicon dioxide, calcium terephthalate, aluminum 
oxide, titanium oxide, calcium phosphate or cartson black; and Internal particles made of high melting point organic 
compounds Insoluble in the film fomnatlon from molten polyester resins, or cross-linked polymers, or formed in the 
polyesters by metal compound catalysts used in the polyester polymerization. In particular, spherical particles of cross- 

30 linked polymers may preferably be used because the gloss and transparency of films can be obtained at the same time. 
[0017] The present inventors have employed the total light transmittance, haze, and 45-degrees specular gloss of 
films as the indices of their gloss and transparency, and examined a relationship between these indices and frosted 
glass like appearances. As a result, the present inventors have found that frosted glass like appearances can be 
obtained when heat-shrinkable polyester films exhibit a total light transmittance of 80% to 90% and a haze of 15% to 

35 60%, both in a thickness of SO^im, and further exhibit a 45-degrees specular gloss of 70% or lower. 

[0018] In other words the first heat-shrinkable polyester films of the present invention should exhibit a total light 
transmittance of 80% to 90% and a haze of 15% to 60%. both in a thickness of 50nm, and further exhibit a 45-degrees 
specular gloss of 70% or lower. 

[0019] The first heat-shrinkable polyester films of the present invention may preferably exhibit surface roughness as 
40 detenniried both by a maximum height (SR^^x) 2.0 ^im or higher and by a center-plane average roughness (SRJ 
of 0.20 ^UTi or higher. u , *. # 

[0020] The first heat-shrinkable polyester films of the present invention may preferably have a heat shnnkability of 
50% or higher, more preferably 50% to 75%, In the main shrinkage direction of the film after treatment in hot water at 
95«C for 1 0 seconds. If the films have a heat shnnkability of lower than 50%, labels made of such films cause insufficient 
45 shrinkage at the necks of bottles. In contrast, if the films have a heat shrinkability of higher than 75%, labels made of 
such films cause jumping when passing through a shrink tunnel because of their high heat shrinkability. 
[0021] The first heat-shrinkable polyester films of the present invention may preferably have a heat shrinkability of 
0% to 10%, more preferably 1% to 7%, in a direction perpendicular to the main shrinkage direction of the film after 
treatment in hot water at 95^C for 10 seconds. If the films have a heat shrinkability of lower than 0%, the films can 
50 elongates In that direction, and labels made of such films are difficult to remove transverse wrinkles which have been 
formed during the shrinkage. In contrast, if the films have a heat shrinkability of higher than 1 0%. labels made of such 
films cause larger longitudinal shrinkage to make an Increase in the amount of films used, resulting In the occunrence 
of an economical problem. 

[0022] The first heat-shrinkable polyester films of the present invention may preferably have a glass transition tem- 
55 perature (Tg) of 60*»C to 90»C. more preferably 55«C to B5*»C, and most preferably 55<»C to 80»C. If the films have a 
glass transifion temperature of higher than 90*»C, labels made of such films exhibit Insufficient shrinkage at low tem- 
peratures for satisfactory shrinkage finish. In contrast, if the films have a glass transition temperature of lower than 
50*C, labels made of such films xhibit large spontaneous shrinkag unsuitabi for practical use. 
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[0023] Th first heat-shrinkable polyester films of the present inv ntion may preferably have solvent bonding prop- 
erties with 1 ,3-dioxolan . 

[0024] Th first heat-shrinkable polyesterfllms of the present invention can b prepar d.for xample, by the following 
method. 

5 [0025] A poly St r composition containing th appropriate amounts of poly ster{s) and poly ster eiastomer(s), and 
if necessary, lubricating fine particles and other additive(s) is dried with a hopper dryer, paddle dryer, vacuum dryer, 
or any other conventional dryer, and then extruded at a temperature of 200*C to 320*C, In the extrusion, any of the 
conventional methods may be used, Including T-die method and tubular method. 

[0026] The extrusion and the subsequent rapid cooling give an unstretched film. In the T-die method, the use of what 
10 is called the electrostatic contact method is preferred for the rapid cooling because it gives a film which is less uneven 
in thickness. 

[0027] The unstretched film thus obtained is subjected to uni- or bi-axial stretching so that the film finally obtained 
meets the claimed requirements of the present Invention, 

[0028] The method of stretching may Include uniaxial stretching with rolls only in the machine direction (MD), uniaxial 
15 stretching with a tenter only in the transverse direction (TD), and conventional biaxial stretching at stretch ratios set 
higher in the machine or transverse direction and set as low in the other direction as possible. If necessary, the film 
thus stretched may be subjected to further stretching. 

[0029] In the above step of stretching, the film is stretched at a stretch ratio of at least 2.0, preferably at least 2.5, in 
the main shrinkage direction, and if necessary, further stretched in a direction perpendicular to the main shrinkage 

20 direction, followed by heat treatment. 

[0030] The heat treatment Is usually earned out in a fixed state under tension, during which relaxation or tentering 
at 20% or lower can also be carried out at the same time. The method of heat treatment can be any of the conventional 
methods including bringing the film into contact with heated rolls and holding the film with clips in a tenter. 
[0031] Before, during, or after the above step of stretching, the film can also be subjected to corona discharge treat- 

25 ment on either or both sides to improve the bonding properties of the film against the print and/or adhesive layers. 
[0032] Before, during, or after the above step of stretching, the film can also be coated with an additive(s) on either 
or both sides to improve the bonding, release, antistatic, self-lubricating, shading, or other properties. 
[0033] The first heat-shrinkable polyester films of the present invention may preferably be 1 5 to 300 \irr\, more pref- 
erably 25 to 200 ^im, In thickness. 

30 [0034] The following will describe the second heat-shrinkable polyester films of the present invention, which can 
prevent the contents of a vessel fitted therewith from being deteriorated by ultraviolet light and have good shrinkage 
finish and particularly cause only rare occurrence of wrinkles, shrinkage spots, or other defects. 
[0035] The second heat-shrinkable polyester films may preferably be prepared from polyesters having glass transi- 
tion temperatures (Tg) adjusted to 60°C to 75*»C by the incorporation of at least one Cq-Cq diol (e.g., propanediol, 

35 butanediol, hexanediol). 

[0036] The polyesters should neither contain Cq or higher diols (e.g., octanediol). nor polyhydric diols (e.g., trimeth- 
ylolpropane, trimethylolethane. glycerin, diglycerin), norpolycariDoxlic acids (e.g., trimelHtic acid, pyromeilitic acid, their 
anhydrides). For heat-shrinkable polyesterfllms obtained by the use of polyesters containing these diols or carboxylic 
acids, the desired high shrinkability cannot be attained. 

40 [0037] When the polyesters contain aliphatic cart^oxylic acids (e.g., adipic acid, sebaclc acid, decanedicariaoxylic 
acid), their amounts in the polyesters may preferably be lower than 3 mol%. For heat-shrinkable polyesterfllms obtained 
by the use of polyesters containing these aliphatic cartDoxylic acids in amounts of 3 mol% or greater, their film stiffness 
in the high-speed fitting Is insufficient, which is not preferred. 

[0038] The acid components, which are contained in the polyesters used in the present invention, may include tereph- 
45 thalic acid, isophthalic acid, and naphthalene dicarboxylic acid. The diol components may include, in addition to the 
above essential diols, ethylene glycol, neopentyl glycol, and 1 ,4-cylcohexanedimethanol. No incorporation of dtethylene 
glycol, triethylene glycol, or polyethylene glycol in the polyesters is prefen-ed. In particular, diethylene glycol may easily 
be formed as a by-product component in the polymerization of polyesters. The polyesters used in the present invention 
may preferably contain diethylene glycol in amounts of smaller than 4 mol%. 
50 [0039] When two or more polyesters are used in admixture, the amounts of acid components and the amounts of 
diol components are relative to the total amount of alt acid components and the total amount of all diol components, 
both of which are contained in these polyesters, independently of whether or not transesterification has been carried 
out after the mixing. 

[0040] For the purpose of obtaining heat-shrinkable polyester films having particulariy excellent shnnkage finish, 
55 neopentyl glycol may preferably be used as one of the diol components, more preferably in an amount of 16 wt% or 
greater. 

[0041] The second heat-shrinkable polyester films of the present invention should exhibit a light transmittance of O/o 
to 20% at a wav length of 380 nm and of 0% to 60% at a wavelength of 400 nm, and further xhibit a haze of 1 5% or 
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lower. 

[0042] The second heat-shrinkable polyester films of the present Invention can be rendered ultraviol t light cut prop- 
erties, for example, by th incorporation, application, or impregnation f an ultraviolet light cut ag nt. To attain a high 
degree of ultraviol t light cut properties, an ultraviolet tight cut ag nt may preferably b incorporated in a film because 
5 the film can have a thick cut layer. The second heat-shrinkable polyester films of the present invention may preferably 
have at least two layers of laminated films. To prepare a label by bonding both ends of a film together with a solvent, 
the presence of an ultraviolet light cut agent in a great amount on the surface of the film is not preferred, and an 
ultraviolet light cut agent may preferably be contained only In the Inner part of the film. For example, the second heat- 
shrinkable polyester films of the present Invention may have at least three layers of laminated films and may contain 

10 an ultraviolet light cut agent in at least one intemal layer not coming to the surface thereof. 

[0043] The ultraviolet light cut agent may include those of the organic type, which can absorb ultraviolet light, and 
those of the inorganic type, which can block ultraviolet light. The ultraviolet light cut agent of the organic type is exem- 
plified by low molecular weight organic compounds, including those of the indole, benzotriazole, benzophenone, cy- 
anoacrylate, or phenyl saiyctlate type. The amount of ultraviolet light cut agent to be used may preferably be in the 

13 range of 0.1 to 30 wt%. 

[0044] The second heat-shrinkable polyester films of the present invention may be in the foon of a single layer; 
however, when a low molecular weight organic compound is used as the ultraviolet light cut agent, there may occur 
the deterioration or sublimation of the ultraviolet light cut agent because of poor heat resistance or high temperature 
in the molten state of the polyester, so that sufficient ultraviolet light cut properties cannot be obtained. 

20 [0045] To avoid this problem , the second heat-shrinkable polyester films of the present invention may preferably take 
the form of at least three layers of laminated films by co-extrusion, In which a layer containing no ultraviolet light cut 
agent rs provided on each film surface. From the viewpoint of heat resistance as described above, ultraviolet light cut 
agents of the polymer type are preferred, specific examples of which may include Novapex U110 available from MIT- 
SUBISHI CHEMICAL CORPORATION. On the other hand, the ultraviolet light cut agents of the inorganic type may 

25 include Inorganic particles having a average particle diameter below the wavelength range of visible light, specific 
examples of which may include fine particles of titanium oxide having an average particle diameter of 0.04 or smaller. 
[0046] In the preparation of a polyester composition as the base material, one must come up with some Ideas. For 
example, when an ultraviolet light cut agent Is added to a polyester mixture and the polyester composition thus obtained 
is dried, one must pay attention to the drying temperature so that the ultraviolet light cut agent causes no sublimation. 

30 In the case where the polyester resin used as the base resin has a low glass transition temperature, drying at an 
ordinary temperature, e.g., at 120*^C, causes sublimation of the ultraviolet light cut agent. 

[0047] To improve the self -lubricating properties of the second heat-shrinkable polyester films of the present inven- 
tion, inorganic or organic lubricants may preferably be added. The second heat-shrinkable polyester f]lms of the present 
invention may further contain, when so required, additives such as stabilizers, colorants, antioxidants, defoamers, 

35 antistatic agents and ultraviolet light absorbers. 

[0048] The second heat-shrinkable polyester films of the present invention may preferably have a heat shrinkabitity 
of 1 0% or higher, more preferably 1 0% to 50%, In the main shrinkage direction of the film after treatment in hot water 
70^0 for 1 0 seconds. If the films have a heat shrinkabillty of lower than 1 0%, labels made of such films exhibit insufficient 
shrinkage at low temperatures, requiring the rise in temperature for shrinkage, which is not preferred. In contrast, if 

40 the films have a heat shrinkabillty of higher than 50%, labels made of such films cause Jumping, which Is also not 
prefen'ed. 

[0049] The second heat-shrinkable polyester films of the present invention may preferably have a heat shrinkabillty 
of 30% or higher, more preferably 75% to 95%, In the main shrinkage direction of the film after treatment in hot water 
at 85**C for 5 seconds. If the films have a heat shrinkabillty of lower than 75%, labels made of such films cause insufficient 
45 shrinkage at the necks of bottles, which is not preferred. In contrast, If the films have a heat shrinkability of higher than 
95%, labels made of such films have a possibility of causing Jumping because of their still having shrinkability after the 
shrinkage, which Is also not prefenred. 

[0050] The second heat-shrinkable polyester films of the present invention may preferably have a heat shrinkability 
of 1 0% or lower in a direction perpendicular to the main shrinkage direction of the film after treatment in hot water at 
50 85*C for 5 seconds. 

[0051] It is important that the second heat-shrinkable polyester films of the present Invention have a shrinkage stress 
of 1 .0 kg/mm^ or greater at 90'C. If the shrinkage stress is smaller than 1 .0 ig/mm^, the speed of shrinkage is too slow 
that labels made of such films cause possible occurrence of insufficient shrinkage at the necks of bottles. The second 
heat-shrinkable polyester films of the present invention may preferably have a shrinkage stress of 3.0 kg/mm^ or smaller 
55 If the shrinkage stress is greater than this value, such films cause possible deterioration of transparency by formation 
of voids around the ultraviolet light cut agents (and lubricants, if used) contained In the films. 
[0052] It is also Important that the second heat-shrinkable polyester films of the present invention have a compressive 
strength of 300 g or higher in the fomn of a label. Th compressive strength, although it may be affected by the thickness 
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of films, should b 300 g or higher from the viewpoint of suitability for high-speed machines. If th compressive strength 
is lower than 300 g. labels made of such films particulariy cause possibi occurr nee of a failure in fitting on the bottles 
by label fitting machines. 

[0053] Th second heat-shrinkable poiyest rfilmsof thepr s nt invention may pr f rably be, but are not particularly 
5 limited to, 10 to 200 p,m, more preferably 20 to 100 ^tm, In thickness as th heat-shrinkable films for labels. 

[0054] The second heat-shrinkable polyester films of the present invention may preferably have a thickness distri- 
bution of 6% or lower. If the films have a thickness distribution of higher than 6%. they cause the deviation of patterns 
In the superposition of many colors when processed in the multl- ' color printing, which is not prefen-ed. 
[0055] The second heat-shrinkable polyester films of the present invention can be prepared, for example, by the 
10 following method. 

[0056] A polyester composition containing the appropriate amounts of polyester{s), and if necessary, ultraviolet light 
cut agents and other additive(s) is dried with a hopper dryer, paddle dryer, vacuum dryer, or any other conventional 
dryer, and melt extruded into a film shape at a temperature of 200*C to 300*C. In the extmsion, any of the conventional 
methods may be used, including T-die method and tubular method. 
15 [0057] The extrusion and the subsequent rapid cooling give an unstretched film. In the case of a laminated film, 
polymers forthe respective layers are fomned one on top of another by lamination, or polymers for the respective layers 
are melted and co-extruded using separate extruders and then rapidly cooled by casting from the nozzles onto the 
rotating drum, to give an unstretched film. 

[0058] The unstretched film thus obtained is subjected to stretching so that the film finally obtained meets the claimed 
20 requirements of the present invention. For attaining the purpose of the present invention, the transverse direction (/. 
e, the direction perpendicular to the direction of extrusion) is practical as the main shrinkage direction of the film; 
therefore, the following explanation Is for an example of the film formation when the main shrinkage direction of the 
film is taken as the transverse direction. However, the film fomnation in which the main shrinkage direction of the film 
Is taken as the machine direction {/.©., the direction of extrusion) can also be candled out substantially in the same 
25 manner as described below, except that the direction of stretching is tumed 90 degrees around the line perpendicular 
to the film surface. 

[0059] In the present Invention, the unstretched film should be stretched at a temperature of (Tg- 5*»C) or higher but 
lower than 0"g + 15*0) where Tg is the glass transition temperature of the unstretched film. If the unstretched film is 
stretched at a temperature of lower than (Tg - S'^C), the second heat-shrinkable polyester film thus obtained is difficult 
30 to have heat shrinkabllity such as one of the claimed requirements of the present invention and it has deteriorated 
transparency, which is not prefen-ed. If the unstretched film is stretched at a temperature of (Tg + 15*C) or higher, the 
second heat-shrinkable polyester film thus obtained exhibits insufficient film stiffness in the high-speed fitting and it 
has a remarkably deteriorated thickness distribution, which Is also not prefen-ed. 

[0060] The method of stretching may Include uniaxial stretching only in the transverse direction (TD) with a tenter, 
in which case the film can also be slightly stretched In the machine direction (MD). In such biaxial stretching, any of 
the sequential or simultaneous biaxial stretching method can be employed, and the film may further be stretched, If 
necessary, In the machine or transverse direction. 

[0061] To make even thickness distribution in the second heat-shrinkable polyester films of the present invention, 
the unstretched film may preferably be heated to a prescribed film temperature at a low airflow rate with a heat trans- 
40 mission coefficient of 0.001 3 cal/cm2.sec.**C (0.0054 J/cmS-secK) or lower in the step of preheating to be carried out 
prior to the step of stretching when the unstretched film is stretched in the transverse direction with a tenter. The 
stretching in the transverse direction may preferably be carried out at a stretched ratio of 3.0 or higher, more preferably 
3.5 or higher. 

[0062] To prevent heat evolution in the films during stretching to reduce the unevenness of film temperature in the 
45 width direction of the films when the main shrinkage direction of the films (i.e., the direction of stretching) is taken as 
the transverse direction, the step of stretching may preferably be canied out at an airflow rate with a heat transmission 
coefficient of 0.0009 cal/cm2.sec.*C (0.0038 J/cmS-secK) or higher, more preferably 0.0011 to 0.0017 cal/cm2.sec.»C 
(0.0046 to 0.0072 J/cm^-sec-K). 

[0063] if the air flow rate employed in the step of preheating corresponds to a heat transmission coefficient of higher 
50 than 0 001 3 cal/cm2.sec.*»C (0.0054 J/cm2.sec.K) or if the air flow rate employed in the step of stretching conresponds 
to a heat transmission coefficient of lower than 0.0009 cal/cm2.sec.*'C (0.0038 J/cm2.sec.K). the film thus obtained is 
difficult to have even thickness distribution, so that It causes the deviation of patterns in the superposition of many 
colors when processed in the multi-color printing, which Is not preferred. More particularly, films having a thickness 
distribution of 6% or lower are easy to make superposition of many colors, for example, in the three-color printing to 
55 be carried out In the evaluation of shrinkage finish as described below. In contrast, films having a thickness distribution 
of higher than 6% are not prefen-ed in the superposition of many colors. 

[0064] The stretched film is then heat treated, if necessary, at a temperature of 70''C to 1 00*>C to give a second heat- 
shrinkabl polyester film of the present invention. 



35 
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Examples 



[0065] Th present invention will hereinafter be further illustrated by som examples; however, the present invention 
is not limit d to th s examples. 
5 [0066] Th first heat-shrinkable polyester films of the present invention are exemplified in Examples 1 , 2 and Com- 
parative Example 1 , while the second heat-shrinkable polyester films of the present invention are exemplified in Ex- 
amples 3-9 and Comparative Examples 2-5. 

[0067] The following will describe various testing methods for evaluation of heat-shrinkable polyester films prepared 
in these Examples and Comparative Examples. 

10 

(1) Total light transmrttance and Haze 



[0068] According to JIS K 7105, a film was measured for total light transmittance and haze with a hazemeter (an 
integrating sphere type light transmittance measuring apparatus), model NDH-1001 DP, available from NIPPON DEN- 
IS SHOKU INDUSTRIES CO., LTD. 



(2) Maximum height and center-plane average roughness 

[0069] Using a three-dimensional microfigure measuring instrument, model ET-30HK, available from KOSAKA LAB- 
20 ORATORY LTD, a film was measured for maximum height and center-plane average roughness under the conditions 
that the cut-off value was 80 pm and the driving speed was 1 00 jino/sec. The values of maximum height (SRn,^^) and 
center-plane average roughness (SR^) were obtained by direct reading from the above instrument. 
[0070] The maximum height (SR^^x) defined as the maximum height from the standard line, which is an average 
of the center lines (the area formed by the center line and the roughness curve of a sample above the center line is 
25 equal to the area formed by the center line and the roughness curve of the sample below the center line) obtained by 
scanning a constant area on the surface of a sample. The center-plane average roughness (SRJ is defined as the 
three-dimensional average roughness for the center plane (the volume formed by the center plane and the surface 
profile of a sample above the center plane is equal to the volume formed by the center plane and the surface profile 
of the sample below the center plane) and expressed by the following formula: 

30 
35 

wherein SR^ is the center-plane average roughness, Lxand Ly are measuring lengths in the direction of x-axis and y- 
axis, respectively, on the surface of the sample, and f(x,y) is a roughness curved surface for the center plane. 



(3) Heatshrinkability 

40 

[0071] A film was cut into a square of 10 cm x 10 cm with two sides parallel to the machine direction and to the 
transverse direction, respectively. This sample was heat-shrunk by immersion under no load in hot water at a prescribed 
temperature ± 0.5**C for a prescribed period of time and then measured for side lengths in the machine direction and 
in the transverse direction, respectively. The heatshrinkability was calculated from the measured values of side lengths 
45 by the following equation. The direction of either side corresponding to the larger value of heat shrinkability was referred 
to as the main shrinkage direction. 



50 



i i * 1- . f ^1*. S/de length before shrinkage - Side length after shrinkage ^ /o/ \ 
Heatshnnkab,lny= § Side length before shri Jags ^ ^ ^ ^'^ 



(4) Solvent bonding properties 



[0072] A film was fonned into a tube shape by bonding with 1 ,3-dioxolane, the circumference being 273 mm along 
the main shrinkage direction and the tube length being 1 00 mm along the direction perpendicular thereto, and the tube 
55 was cut in 16 mm width along the tube lengthwise direction. This sample was then drawn to cause the peeling of its 
bonded part in the direction perpendicular to the tube lengthwise direction, and evaluated to have good solvent bonding 
properties, when exhibited sufficient peeling resistance. 
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(6) Glass transition t mperatur (Tg) 

[0073] Using a differential scanning calorimeter, model DSC220, available from SEIKO INSTRUMENTS & ELEC- 
TRONICS LIMITED, an unstretch d film of 1 0 mg in weight was heated from -40'*C to 1 20'C at a heating rate of 20'*C/ 
min. to draw a heat absorption curv , from which th glass transition temperature (Tg) was detemnined. Two tangent 
lines were drawn before and after the inflection point on the heat absorption curve, and the point of their intersection 
was regarded as the glass transition temperature (Tg). 

(7) Ultraviolet light transmittance 

[0074] A film was cut In a size of 38 mm x 1 3 mm , and th is sample was then measured for ultraviolet light transmittance 
at prescribed wavelengths with a double beam spectrophotometer, model U-2001, available from HITACHI, LTD. 

(8) Thiclcness distribution 



[0075] A film was cut in a size of 5 cm x 50 cm along the machine direction and along the transverse direction, 
respectively. This sample was measured for thicl<ness (the number of measured points = 20) with a contact thickness 
meter, model KG60/A, available from ANRITSU CORPORATION. For each sample, the thickness distribution {i.e., 
scattering of thickness) was calculated by the following fomnula. The measurement was repeated for fifty samples of 
20 each film and, the average value of thickness distribution was determined and evaluated on the following criteria: 

. * *f Maximum thickness - Mi nimum tliictcness innw^ 
madness distributions Ag^raga thcikness 

25 Good: average value was 6% or lower; 

Fair: average value was between 6% and 10%; 
Poor average value was 10% or higher. 

[0076] The polyesters used in the examples and comparative examples were as follows: 

30 

Polyester A: polyethylene terephthalate (IV = 0.75); 

Polyester B: a polyester consisting of 1 00 mol% terephthalic acid, 70 mor/o ethylene glycol and 30 mol% neopentyl 
glycol (IV = 0.72): 

Polyester C: a polyester elastomer consisting of 70 wt% polybutylene terephthalate and 30 wt% e-caprolactone 
35 (reduced viscosity (nsp/c) = ^ 30); 

Polyester D: polybutylene terephthalate (IV = 1 .20) 

[0077] The lubricating fine particles used in Examples 1 ,2 and Comparative Example 1 were as follows: 

40 Lubricating Fine Particles A: EPOSTAR MAI 010 (average particle diameter, 10 ^im) available from NIPPON 

SHOKUBAICO., LTD. 

Lubricating Fine Particles B: EPOSTAR MAI 006 (average particle diameter, 6 ^im) available from NIPPON 
SHOKUBAICO., LTD. 

Lubricating Fine Particles C: Amorphous SYLOID (average particle diameter, 1 .5 ^im) available from FUJI SYLYSl A 
45 CHEMICAL LTD. 

[0078] In the following Examples 1 , 2 and Comparative Example 1 , there will be Illustrated some examples of the 
first heat-shrinkable polyester films of the present invention. 

50 Example 1 

[0079] A polyester composition containing 30 wt% polyester A. 49 wt% polyester B, 20 wt% polyester C. and 1 wt% 
polyester A was melt extruded from a T-dle at 280*0 and rapidly cooled on chill rolls to give an unstretched film having 
a glass transition temperature (Tg) of 60**C. 
55 [0080] The unstretched film was stretched in a tenter at a film temperature of 70*C at a stretch ratio of 4.0 in the 
transverse direction to give a heat-shrinkable polyester film of 50 ^im in thickness. The main shrinkage direction of the 
film was corresponding to the transverse direction. 
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Example 2 and Comparativ Example 1 

[0081] Heat-shrinkabI polyest r films of 60 \xjm in tliicl<n ss wer obtained in the same manner as described in 
Example 1 , except that th kind and mixing ratio of lubricating fine particles were changed as shown in Table 1 . 
s [0082] The heat-shrinkable polyester films prepar d in ExampI s 1, 2 and Comparative Example 1 were evaluated 
by some of the testing methods as described above. The results are shown in Table 1 . 
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[0083] As can b seen from Table 1 , th heat-shrinkable polyest r films of Exannples 1 and 2 had good frosted glass 
like appearances. This indicates that the first heat-shrinkabie polyest r f ilnns of the present invention have high quality 
and high practical availability, and they are particularly suitable for h at-shrinkable labels having frosted glass like 
appearances. 

5 [0084] In contrast, th heat-shrinkable polyest rfilnn of Comparative ExampI 1 had poor frosted glass like appear- 
ances, and it therefore had low quality and low practical availability. 

[0085] According to the present invention, heat-shrinkable polyester films can be obtained, which have frosted glass 
like appearances without being printed or processed and further have sufficient solvent bonding properties, and they 
are therefore extremely useful as heat-shrinkable polyester films for labels, particulariy for labels of great product value. 
10 [0086] In the following Examples 3-9 and Comparative Examples 2-5, there will be illustrated some examples of the 
second heat-shrinkable polyester films of the present invention. 

Example 3 

15 [0087] A polyester composition was prepared by mixing 26 wt% polyester A, 50 wt% polyester B and 24 wt% polyester 
D. and adding 1 part by weight of an ultraviolet light cut agent (available from CIBA SPECIALPiT CHEMICALS K.K.; 
trade name, Tinuvin 326), relative to 99 parts by weight of the polyester mixture. The polyester composition was sub- 
jected to melt co-extrusion from a T-die at 280**C, at which time a core layer and a skin layer were laminated together 
so that the ratio of skin/core layer thickness after stretching came to 25 ^m / 25 jim, followed by rapid cooling, to give 

20 an unstretched film having a glass transition temperature (Tg) of 70'C. 

[0088] The unstretched film was then preheated until the film temperature came to 88**C with a heat transmission 
coefficient of 0.001 0 caI/cm2.sec-"C (0.0042 J/cm2.sec-K), and stretched in a tenter at 78*C at a stretch ratio of 3.9 in 
the transverse direction with a heat transmission coefficient of 0.0014 cal/cm2.sec.**C (0.0059 J/cm^-sec-K), and heat 
treated at 76'C for 10 seconds to give a heat-shrinkable polyester film of 50 ^.m in thickness. The main shrinkage 

25 direction of the film was corresponding to the transverse direction. 

Examples 4-9 and Comparative Examples 2-5 

[0089] Heat-shrinkable polyester films of 50 jim in thickness were obtained in the same manner as described in 
30 Example 3, except that the kind and amount of ultraviolet light cut agent contained in the core layer and/or the skin 
layer were changed as shown In Table 2. 

[0090] The heat-shrinkable polyester films prepared in Examples 4-9 and Comparative Examples 2-5 were evaluated 
by some of the testing methods as described above. The results are shown In Table 2. 
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[0091] As can b seen from TabI 2, the heat-shrinkable polyester films of Examples 3-7 had good ultraviolet light 
cut properties, good shrinkage finish, and good thickness distribution. This indicates that th second heat-shrlnkable 
polyester films of the present invention hav high quality and high practical availability, and they ar particularly suitable 
for shrinkable labels. 

5 [0092] In contrast, the heat-shrinkable polyester films of Comparative Examples 2-5 had insufficient ultraviolet light 
cut properties, and they therefore had low quality and tow practical availability. 

[0093] According to the present invention, heat-shrinkable polyester films can be obtained, which can prevent the 
contents of a vessel fitted therewith from being deteriorated by ultraviolet light and have good shrinkage finish and 
particularly cause only rare occurrence of wrinkles, shrinkage spots, or other defects, and they are therefore extremely 
10 useful as heat-shrinkable polyester films for labels, particularly for labels of great product value. 



Claims 

15 1. A heat-shrinkable polyester film, which exhibits a total light transmittance of 80% to 90% and a haze of 15% to 
60%, both in a thickness of 50 ^im, and further exhibits a 45-degrees specular gloss of 70% or lower. 

2. The heat-shrinkable polyester film according to claim 1 , which exhibits surface roughness as determined both by 
a maximum height (SRn,aj() of 2,0 \im or higher and by a center-plane average roughness (SRa) of 0.20 |xm or higher. 

20 

3. The heat-shrinkable polyester film according to claim 1 , which has solvent bonding properties with 1 ,3-dloxotane. 

4. The heat-shrinkable polyester film according to claim 1 , which has a heat shrinkability after treatment in hot water 
at 95*C for 1 0 seconds, of 50% or higher in a main shrinkage direction thereof and of 10% or lower in a direction 

25 perpendicular to the main shrinkage direction. 

5. A heat-shrinkable polyester film, which exhibits a light transmittance of 0% to 20% at a wavelength of 380 nm and 
of 0% to 60% at a wavelength of 400 nm, and further exhibits a haze of 15% or lower. 

30 6. The heat-shrinkable polyester film according to claim 5, which has a heat shrinkability after treatment in hot water 
70'*C for 1 0 seconds, of 1 0% or higher in a main shrinkage direction thereof, and a heat shrinkability after treatment 
in hot water at 85'C for 5 seconds, of 30% or higher in the main shrinkage direction and of 10% or lower in a 
direction perpendicular to the main shrinkage direction. 

35 7. The heat-shrinkable polyester film according to claim 5, which has a thickness distribution of 6% or lower. 

8. The heat-shrinkable polyester film according to claim 5. which comprises at least two layers of laminated films. 

9. The heat-shrinkable polyester film according to claim 5, which contains an ultraviolet light cut agent. 

40 

10. The heat-shrinkable polyester film according to claim 5, which comprises at least three layers of laminated films 
and contains an ultraviolet light cut agent in at least one Intemal layer not coming to the surface thereof. 
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